The crabapple mangrove tree, Sonneratia caseolaris Linn. (Family: Sonneratiaceae), is one of the foreshore plants found in estuarine and tidal creek areas and mangrove forests. Bark and fruit extracts from this plant have previously been shown to have an anti-oxidative or cytotoxic effect, whereas flower extracts of this plant exhibited an antimicrobial activity against some bacteria. According to the traditional folklore, it is medicinally used as an astringent and antiseptic. Hence, this investigation was carried out on the extract of the leaves, pneumatophore and different parts of the flower or fruit (stamen, calyx, meat of fruit, persistent calyx of fruit and seeds) for antibacterial activity using the broth microdilution method. The antibacterial activity was evaluated against five antibiotic-sensitive species (three Gram-positive and two Gram-negative bacteria) and six drug-resistant species (Gram-positive i.e.
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The crabapple mangrove tree, locally known as Lumpoo (in Thailand) or Berembang (in Malaysia and Singapore), Sonneratia caseolaris Linn. (Myrtales: Lythraceae), is one of the foreshore plants in the family Sonneratiaceae that is found in the less saline parts of mangrove forests often along tidal creeks with slow moving water and on deep muddy soil but never on coral banks. This plant is a medium-sized (2-20 m height) evergreen tree with oblong or obovate-elliptic coriaceous leaves and unique pneumatophores [1, 2] with a height of 50-90 cm and diameter of 7 cm. Previous research has reported that crabapple mangrove tree leaf extracts have antioxidant activities, when examined by the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay, and were potentially linked to the presence of two flavonoids (luteolin and luteolin-7-O-β-glucoside) that were found to be antioxidants [2] . In addition, a weak in vitro cytotoxic activity against human cancer cell lines was reported, but none of the 24 isolated compounds showed any antibacterial activity [3] . Likewise, the nine compounds isolated from the fruits of this tree showed some cytotoxic activity but were not screened for the presence of antibacterial activity [4] . Some parts of this tree are traditionally used in folklore medicine and include the pounded leaves or fruits as antiseptic poultices for cuts, sprains and swellings, an oral astringent as well as for the treatment of haematuria and small pox, arresting haemorrhage, and the unripe and ripe fruits were used for coughs and the treatment of parasite infections [1, 5] . Burmese and Indian have applied cork of tree as poultice for wounds and bruised wound whereas Malayans used the peel of mature fruit as anthelmintic and used smashed leaves to heal urinary hemorrhage [6] .
In comparison with other mangrove trees, the extract of calyx, stamen (parts of flowers) and fruits exhibited a relatively high antioxidant activity, by the DPPH assay, with an ED 50 of 6.10, 2.93 and 4.17 µg/ml, respectively, whereas the fruit extract showed a high lipid peroxidation inhibition activity with an IC 50 of 83 ng/ml [7] . Morphological characteristics of this tree have been reported [8, 9] . However, there have been only a few studies regarding the pharmacological activities for the extract of this plant. The antimicrobial activity of flowers have been reported in comparison with other flower extracts [10] .
Infectious diseases are still a major threat to public health, despite the enormous progress in human medicine. Their impact is particularly large in developing countries due to the relative unavailability of medicines (as well as the compounding poor nutritional and sanitation status) and the emergence of widespread drug resistance [11] [12] [13] . The increasing emergence of serious multidrug-resistant (MDR) Gram-positive infections, such as methicillin-resistant Staphylococcus aureus (MRSA) [14] and MDR Gram-negative infections, including Pseudomonas aeruginosa (MDR), extended-spectrum betalactamases (ESBLs)-producing Enterobacteriaceae and MDR-Acinetobacter baumannii [15, 16] has led to an emerging crisis with increased mortality, longer hospital stays and higher hospital costs compared with infections associated with susceptible strains [17] [18] [19] [20] .
A new more effective antibacterial agent, especially one against MDR pathogens is really needed. The aim of this study was to investigate the antimicrobial activity of extracts from different parts of the crabapple mangrove tree using the broth microdilution method against representative drug-sensitive and MDR strains of Gram-positive and Gram-negative bacteria. [21] . The A. baumannii PMK200170209 strain reported in this study was isolated as a pan-drug resistant (PDR) strain from a Thai patient who was treated for lower urinary tract infection at Phamongutklao hospital in Thailand on February 2009. The strain showed resistance to all beta-lactam antibiotics, aminoglycosides, quinolones/fluroquinolones and trimethoprim-sulphamethoxazole, whereas it was sensitive to colistin and tigecycline (data not shown).
MATERIALS AND METHODS

Preparation of crabapple mangrove tree extracts:
The stamen, calyx, meat of the fruit, persistent calyx of the fruit, seeds, leaves and pneumatophores of the crabapple mangrove tree were collected from Samuthsongkram, Thailand, in October 2008. Voucher specimens were deposited at Department of Pharmacognosy, Silpakorn University in Nakhon Pathom, Thailand, with voucher reference numbers sc 01-07. The plant parts were dried with hot air oven at 60° and then ground by cutting mill using Sieve #30. The high performance liquid chromatographyultraviolet spectrophotometric (HPLC-UV) method was used by our research group for the simultaneous determination of the three active compounds (gallic acid, luteolin and luteolin-7-O-glucoside) to evaluate the quality of the extracts as described [22] . The HPLC separation was performed on a RP-18 semi-preparative column (250×4.6 mm i.d.; 10 µm) with a gradient of acetonitrile and 0.1% (v/v) aqueous phosphoric acid, at a flow rate of 5.0 ml/min, detected at 280 nm. The ground powder of the different parts of the crabapple mangrove tree, selected as the leaves (L), pneumatophore (E), flower [stamen (T) and calyx (P)] and fruit [meat of fruit (F), persistent calyx of fruit (C) and seeds (S)] were individually weighed and subsequently macerated either with methanol alone or in four organic solvents, in sequential order at 1:4 (w/v) ratio of dried sample (g) and solvent (ml). When methanol was used, the extraction was performed at room temperature (28°) for 72 h. When organic solvents were used, sequential extraction was performed, using Soxhlet's apparatus, wherein the dried plant samples were extracted, with each solvent in the following order: (1) hexane, (2) dichloromethane, (3) ethyl acetate and (4) methanol, for 24 h. In all cases, the percolate was filtered through Whatman ® No. 1 filter paper until clear and the extracts were then subjected to evaporation using a rotary evaporator (Buchi R205, BUCHI (Thailand) Ltd., Klongsan, Bangkok, Thailand) until dry, collected and weighed. The dried extract was then dissolved in DMSO and subsequently diluted into MHB for screening in antibacterial activity assays.
Antibacterial activity assay:
MHA plates and MHB were used as the solid and liquid culture media, respectively, for the assay of the number of viable bacteria by total plate counting, and the growth of the bacteria, respectively. Screening for antibacterial activity of each extract was assessed using the agar well diffusion assay, modified slightly from that described in Hood et al. [23] The indicator strains from MHA plates were individually inoculated into MHB and were then incubated at 37° for 24 h. Once an actively growing broth culture or suspension of microbes was obtained, the turbidity was adjusted to match that of the standard 0.5 McFarland solution, which correlated to a cell density of approximately 10 8 cells/ml. Then 30 µl of suspension, containing 2.5, 10 or 20 mg/ml of the test extract, was separately added to each well (6 mm in diameter) of a MHA agar plate freshly spread with 0.1 ml of the test bacterial cell suspension. The plates were incubated at 37° for 24 h and then observed visually for the presence of any inhibition zone around the well. Agar wells loaded with the same amount (30 µl) of DMSO/ MHB solvent at the same concentrations and were used as negative controls. The minimum inhibition concentration (MIC) and minimal bactericidal concentration (MBC) were measured using the broth microdilution method according to the Clinical and Laboratory Standards Institute (CLSI) protocol [24, 25] . The assay was performed in a 96-well microtitre plate with a final volume of 100 µl per well. Each well contained 20 µl of the serially diluted plant extract under test, 20 µl of the test bacteria suspension in MHB at 10 6 CFU/ml and 60 µl of fresh MHB culture broth. Chloramphenicol was employed as a positive control whereas the MHB-diluted DMSO solvent (same concentrations as the test plant extracts) without the test plant extracts was used as the negative control. The assay plate was incubated at 37° for 24 h, whereupon the growth of the test bacteria was examined by visual observation in terms of the turbidity of the culture. The MICs were determined as the lowest concentration of the test compound at which no turbidity from microbial growth could be observed. The MBC values were obtained by re-inoculating 10 µl of each supernatant fluid from the MIC tested wells with no visible turbidity onto fresh MHA plates. The MBC is defined as the lowest concentration of the test compound at which no viable cells were detected on replating.
RESULTS AND DISCUSSION
The agar well diffusion assay was employed for the screening of antibacterial activity in different extracts (different solvents and different plant parts) of the crabapple mangrove tree. The methanol extracts of all the plant parts examined, revealed antibacterial activity against all 11 test strains (8 different species) of bacteria, in terms of the appearance of a zone of growth inhibition, around the application well (data not shown). The broth microdilution method was then used to determine the MIC and MBC of each of these extracts, and the results are summarised in Table 2 . By comparing the MIC of the standard control group and the standard from CLSI (2010) [24] , the MIC value against S. aureus ATCC 29213 and E. coli ATCC 25922 were found to be within the acceptable range of CLSI (Table 2) . Although an antibacterial activity (MIC) was detected in the methanol extracts of all 7 crabapple mangrove tree parts against all 11 test bacterial strains, the MBC values (bactericidal activity) showed a different pattern of activity from that of MIC (Table 2) .
Although all of the methanol samples showed bactericidal effect on all tested Gram-negative bacteria, including both the drug-sensitive E. coli and P. aeruginosa, and MDR ESBL-producing E. coli, P. aeruginosa and PDR-A. baumannii strains, the only bactericidal activity against Gram-positive bacteria was observed with the leaf extract sample against MRSA and the leaf, seeds and pneumatophore extracts against Bacillus megaterium and S. aureus, but not Bacillus subtilis, for the drug-resistant and drug-sensitive bacteria, respectively. The rest of the samples only showed a bacteriostatic effect against the Gram-positive bacteria. Based on the differences in the pattern of the MBC and MIC values against the test bacterial strains, the samples from the seven different parts of the crabapple mangrove tree could be divided into three groups. The first group comprising of leaves showed the strongest antibactericidal activity against two drug-sensitive strains (B. megaterium and S. aureus) and one drug-resistant Gram-positive bacteria (MRSA). The second group comprising pneumatophore and seed samples could eradicate only one Gram-positive bacteria (B. megaterium) and displayed a bacteriostatic effect against the rest of the test Gram-positive bacteria. The third group containing the samples from the stamen, calyx and the meat and calyx of the fruit only displayed a bacteriostatic activity against all test Gram-positive bacteria (Table 2) .
Further, we selected one sample (plant part) from each of the above three groups as representative samples for sequential fractional purification and determination of the antibacterial activity, again based upon the MIC and MBC values (Table 3) . It was found that fractions obtained from the sequential extraction with hexane (L1, S1 and P1), dichloromethane (L2, S2 and P2) and ethyl acetate (L3, S3 and P3) showed no detectable antibacterial activity against any of the eleven test strains. Rather, the antibacterial activity was only detected in the methano fractions (samples L4, S4 and P4). As noted before with the direct methanol extracts (Table 2) , the antibacterial effect against the Gram-negative bacteria was mostly bactericidal whereas that against the Gram-positive bacteria was bacteriostatic except for B. megaterium that displayed a bactericidal action (Table 3) . Indeed, the MIC and MBC activity for the methanol extract following hexane, dichloromethane and ethyl acetate extraction (Table 3) were the same as that of the direct methanol extraction (Table 2) in most cases of the seed and calyx samples, suggesting that the hexane, dichloromethane and ethyl acetate extractions did not remove the active component (s). However, the bactericidal activity of the leaf extract against the Gram-negative bacteria was slightly reduced from 0.2 to 0.4 mg/ml in 4/5 cases.
It was noted that the crabapple mangrove tree extracts exhibited antimicrobial activity against both Gram-positive and Gram-negative bacteria, including against the MDR strains. The extract exhibited a higher bactericidal action against Gram-negative pathogens than Gram-positive ones. The active fractions were only found in the methanol extractions and were not affected by the prior sequential extraction of hexane, dichloromethane and ethyl acetate (except for perhaps a slight reduction in the bactericidal activity in the leaf extract), suggesting that the antibacterial compound (s) is/are rather hydrophilic. Although all 7 evaluated parts of the crabapple mangrove tree showed antibacterial activity, they differed in their activity levels with the most pronounced being found in the methanol extract of leaves (Table 2 ). This is of interest since leaves are the easiest source to harvest and the most abundant source. Indeed, the crabapple mangrove tree can recover rapidly after branch removal, regenerating from buds below the bark surface, and is reasonably productive (fast growing).
The antimicrobial action could be due to the flavonoids in this plant [4] but awaits further enrichment and identification of the bioactive component(s) for confirmation. Nevertheless, this result is very interesting since most reports on the effect of plant extracts have, in contrast, shown a greater susceptibility to Gram-positive bacteria than to Gram-negative bacteria [26] [27] [28] [29] . Such observations could be explained by the fact that most of the antimicrobial active components identified are less polar compounds that are not water-soluble and so the organic solvent extracts showed a more potent activity [30] . The outer phospholipidic membrane of Gram-negative bacteria with the structural lipopolysaccharide component makes their cell walls largely impermeable to lipophilic solutes, and the porin-based pores form a selective barrier to the hydrophilic solutes with an exclusive limit of about 600 Da [31] . Gram-positive bacteria are, however, more susceptible to non-polar antibacterial agents since their outer peptidoglycan layer is not an effective permeability barrier [32, 33] . In this case reported here, the effective antimicrobial activity was found in the methanol extract (Table 3) , suggesting a rather polar structure and so is consistent with the observed higher antibacterial activity against the Gram-negative bacteria than the Gram-positive bacteria tested. It may be possible that multiple bioactive compounds are contained in the extracts and that they differentially contribute to the bactericidal effect in Gram-negative and bacteriostatic effect in Gram-positive bacteria. Further isolation and purification of the methanol extracts, especially those of the leaves, are needed to address this and is a currently ongoing study.
The overall results provide a promising basis for the evaluation of the potential use of crabapple mangrove tree leaves as a source of antibiotics for the treatment of specific microbial infections associated with the sensitive pathogens as well as the MDR bacteria studied. Purification of the effective fractions for further elucidation on its pharmacological and cytotoxicity studies is being conducted to confirm the extracts as potential therapeutic agents.
Methanol extracts of all tested parts of the crabapple mangrove tree, S. caseolaris Linn., exhibited broad-spectrum antibacterial activity against both Gram-positive and Gram-negative pathogens, and revealed a significantly higher bactericidal activity against Gram-negative bacteria than Gram-positive bacteria. The methanol extract from leaves contained the highest antibacterial activity and could even kill the MDR Gram-positive (MRSA) and Gram-negative pathogens (ESBL-producing E. coli, MDR P. aeruginosa and the PDR-A. baumannii). Such a high efficacy of the leaf methanol extracts of the crabapple mangrove tree against MDR and PDR strains suggests its potential to further develop as an antibacterial agent.
